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Introduction 

In a previous paper (1) we reported the preliminary results concerning the 
application of Inverse Gas Chromatography (IGC) to coals. This paper will cover the 
extension of the technique to coals of various ranks and degrees of air oxidation. 

The objective of this study is to provide detailed information on possible 
changes in the chemical and physical structures of the Argonne Premium Coal Samples 
during storage. In meeting this objective, new fundamental data will be obtained on 
this unique set of coal samples. The use of a broad range of experiments is planned 
in this study, but only one approach will be described here. While it is known that 
subtle changes in the physical and chemical structure of bituminous coals can effect 
changes in the plasticity upon heating, the techniques traditionally used to measure 
plasticity do not yield information which can be used to understand these changes. 

A new approach, inverse gas chromatography (IGC), a technique widely used for 
studying polymers, is being used to study phase transitions in coals upon heating. 
Inverse GC has been applied to polymers to measure the glass transition temperature, 
the degree of crystallinity, melting point, thermodynamics of solution, and chemical 
composition (2-4). In contrast to classical GC, inverse chromatography probes the 
stationary phase, a coal, by determining the retention time of known compounds on 
it. This transposition of known and unknown in the GC experiment gives rise to the 
term "inverse chromatography". The coal samples w i l l  be chosen to examine varia- 
tions with rank and to investigate structural changes in ground coals, both in air 
and in the absence of air, as a function of time. These approaches show promise for 
providing chemical information on subtle variations in coal structure. 

Experimental 

The coals used in this study included an Illinois No. 2 hvC bituminous, an 
Upper Freeport mv bituminous which is, an Argonne Premium Coal Sample, and a 
Bruceton hvA bituminous. The elemental compositions are shown in Table 1. The 
I l l i n o i s  No. 2 was was ground to -100 mesh and soxhlet extracted with an azeotropic 
mixture of benzene and ethanol. and dried under vacuum at llO°C. The other two 
fresh coals were used as received. The oxidized Upper Freeport was exposed to air 
in an oven at 100°C f o r  90 hrs. The coals were thoroughly mixed with non-porous 
glass beads (-40 to -60 mesh) to give a mixture approximately 10% coal on a weight 
basis. The six foot by 1/4" glass columns were packed with ca. 30 grams of the 
mixture. 

*Work performed under the auspices of the Office of Basic Energy Sciences, Division 
of Chemical Sciences, U . S .  Department of Energy, under contract number W-31-109- 
ENG-38. 
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The GC equipped with a s i n g l e  FID could be cont ro l led ,  wi th in  one degree C,  
from an ex terna l  computer. The i n j e c t o r  was a computer cont ro l led  Carle gas 
sampling valve i n  a thermostated box. Flow cont ro l  was provided by two flow 
c o n t r o l l e r s  one with a 0-5 ml/min. element and the  second with a 0-60 ml/min. 
element. The 0-60 mllmin. c o n t r o l l e r  w a s  connected t o  the i n j e c t o r  though a 
computer control led solenoid.  The experiment w a s  cont ro l led  and t h e  data  analyzed 
by a I B M  PC computer. The probe, methane, was i n j e c t e d  onto the  column and i t ' s  
re ten t ion  time at t h e  s p e c i f i c  temperature was determined. In the  experiment 
chromatograms were obtained in th ree  degree increments between 50 and 45OOC. The 
i n j e c t o r  was held a t  100°C and t h e  de tec tor  a t  4OOOC. 
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Resul ts  and Discussion 

The r e t e n t i o n  volume may be re la ted ,  through t h e  p a r t i t i o n  c o e f f i c i e n t ,  t o  the  
f r e e  energy o r  enthalpy of adsorpt ion,  and a p l o t  of In tre VS. 1/T gives a s lope  
proport ional  Changes i n  t h e  thermodynamics oh r e t e n t i o n  r e s u l t  i n  
d i s c o o t i n u i t i e ~ o o r % ~ n g e s  i n  t h e  s lope of t h e  plot .  P l o t s  of t h e  three  unoxidized 
coa ls  are presented i n  Figure 1, with temperatures of s i g n i f i c a n t  t r a n s i t i o n s  given 
i n  Table 2. They do not  appear t o  vary g r e a t l y  in an o v e r a l l  gross  sense. Each has 
what appears t o  be a t r a n s i t i o n  a t  r e l a t i v e l y  low temperatures as i l l u s t r a t e d  by TA 
i n  the f igure.  This t r a n s i t i o n  is most l i k e l y  due t o  the loss of water from the  
sur face  and from the pores of t h e  coal. The second region of i n t e r e s t  is a t  TB. 
This d ip  i n  the otherwise smooth port ion of t h e  curves can be a t t r i b u t e d  t o  the loss 
of chemical water. This t r a n s i t i o n  v a r i e s  i n  temperature with the  coal ,  however 
there  does not appear t o  be a rank dependence. The Bruceton coa l  seems t o  loose 
i t ' s  water a t  t h e  lowest temperature while  t h e  Upper Freeport  a t  the  highest .  

A t  T a number of small t r a n s i t i o n s  begin t o  occur f o r  each of the  coals. This 
i s  a l s o  t%e region where r e l a t i v e l y  l a r g e  amounts of v o l a t i l e  mater ia l  is beginning 
t o  be released.  h e  t o  t h e  small thermodynamic changes in the  i n t e r a c t i o n  between 
t h e  probe and t h e  c o a l  i t  i s  d i f f i c u l t  t o  ass ign  a s t a r t i n g  temperature f o r  t h i s  
region, however i t  does appear t o  begin a t  a higher temperature f o r  t h e  Upper 
Freeport  mv coal  than t h e  Bruceton hvA coal. Comparisons between the  I l l i n o i s  No. 2 
hvC coal and the o t h e r s  would be specula t ive  s ince  t h i s  coal was pre-extracted. 
Thus, a la rge  percentage of t h e  v o l a t i l e  matter has  been removed. 

The primary t r a n s i t i o n  in t h e  p l o t s  occurs a t  T In  each case there  is a 
marked increase  i n  the  r e t e n t i o n  time followed by a r a p l i  decrease. This t r a n s i t i o n  
c o r r e l a t e s  well with t h e  onset of p l a s t i c i t y  in each of the  coa ls ,  occurr ing 10 t o  
15OC before the  i n i t i a l  sof ten ing  temperature. The temperature a t  which t h e  major 
t r a n s i t i o n  occurs is a l s o  cor re la ted  with rank. The I l l i n o i s  No. 2 exhib i t s  the  
t r a n s i t i o n  a t  a lower temperature, followed by t h e  Bruceton and t h e  Upper 
Freeport. The Bruceton hvC coal  is the  only one t h a t  appeared t o  have a leve l ing  
of f  of the  s lope of t h e  curve by T The Giesler p l a s t i c i t y  measurement shows t h a t  
t h i s  coal r e s o l i d i f i e s  j u s t  above tff, maximum temperature of t h i s  experiment. Thus, 
i t  appears t h a t  some of the  post  f l u i d  pore s t r u c t u r e  has  appeared and is showing up 
i n  the IGC data. 
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Figure 2 i l l u s t r a t e s  t h e  e f f e c t  of ox ida t ion  on t h e  IGC pat tern.  There does 
not seem t o  be t o  much e f f e c t  on the lowest temperature t r a n s i t i o n  although i t  may 
occur  a t  a s l i g h t l y  h igher  temperature. The loss of water seems t o  occur a t  a 
s i g n i f i c a n t l y  lower temperature. This is not s u r p r i s i n g  s ince  the oxidized coal was 
heated in a i r  a t  100°C f o r  90 hrs .  A vast  major i ty  of the water i n  t h i s  sample 
should be loosely held s ince  i t  probably adhered t o  t h e  sur face  of the  coal  a f t e r  i t  
w a s  cooled. Tne major di f fe rence  between t h e  two coa ls  i s  i n  t h e  t r a n s i t i o n  t h a t  
should occur a t  higher temperatures. In  the  heavi ly  oxidized sample t h e r e  i s  almost 
no change i n  s lope  i n  this region i n d i c a t i n g  t h a t  t h e  coa l  has probably not  gone 
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f lu id .  There does appear t o  be some change occurring. which is a t r a n s i e n t  a t  
approximately 330°C. 

Overall IGC appears t o  be a very s e n s i t i v e  method f o r  fol lowing the  chemical 
and physical  changes t h a t  occur when coals  a r e  heated i n  an i n e r t  atmosphere. 
Differences between coals  of var ious ranks can be seen e a s i l y ,  a s  can the d r a s t i c  
e f f e c t s  of a i r  oxidation. 

Acknowledgments 

The coal  ana lys i s  were provided by I. Fox and P. C. Lindahl of the Argonne 
Analyt ical  Chemistry Laboratory. . The Bruceton coal  was provided by J. W. Larsen of 
t h e  Dep t .  of Chemistry, Lehigh University. 

References 

1. R. E. Winans, J. P. Goodman, P. H. N e i l l ,  and R. L. McBeth, ACS Fuel Chemistry 

2. S. G. Gilber t .  i n  "Advances i n  Chromatoaravhv". Vol. 23, J. C. Giddings. 
Division Prepr in ts ,  30(4). 427 (1985). 

- . -  
E. Grushka, J. .Gazes. and P. R. Brown, Eds., Marcei Dekker, New York (19841.- 

Librarlr, 10, 197-223 (1977). 

Wiley. New York, (1973). 

3. V. G. Ekrezkin, V. R. Alishoyev. and I. B. Nemirovskaya, J. Chromatography 

4. J. E. Gui l le t ,  i n  "New Developments in Gas Chromatography", J. H. Purne l l ,  Ed., 

TABLE 1. Composition of t h e  Three Coals Studied. 

Coal % C (dmmf) Empirical Formula 

Upper Freeport mv Bituminous 89.0 C100H70N1.5S0.502.5 

Bruceton hvA Bituminous 82.3 C100H78N1. 6'0.3O9.3 
I l l i n o i s  No. 2 hvC Bituminous 73.4 C100H87Hl. 3'0.8'18 

f 

TABLE 2. R a n s i t i o n  Temperatures f o r  IGC Data Shown i n  Figure 1. 

Sample 

Temperature O C  

TA TB TC TD TE TF 

I l l i n o i s  No. 2 hvC 

Bruceton hvA 

Upper Freeport MV 

111 138 240 326 352 398 

110 130 230 341 368 429 

115 158 248 360 370 430 
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Figure 1 .  Data from inverse GC experiments. Vret represents the retention volume; 
T is  temperatures i n  OK. - I l l i n o i s  No. 
2 hvC bituminous coal. ..... Bruceton hvA bituminous coal, --- Upper Freeport mv 

Values for TA-Tp are given i n  Table 2. 

bituminous coal. 
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Figure 2. 
mv bituminous coal. 

Comparison of data from an oxidized and a fresh sample of Upper Freeport 
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